Industries, consortia, and vendors across many areas have spent decades collecting, analyzing, and tabulating fielded item and component reliability performance in terms of observed failures and operational use. This data resource provides a huge compendium of information for potential use, but can also be compartmented by industry, difficult to find out about, access, or manipulate.
INTRODUCTION
Reliability practitioners advocate getting reliability involved early in a product development process. However, when assigned to estimate or assess the (potential) reliability of a product or system early in the design and development phase, they are faced with lack of reasonable data or methods for useful reliability estimation. One of the first questions that arise is: "Where can I find some applicable reliability data?"
FINDING THE DATA
Federal agencies, national and international consortia, industry groups and commercial entities develop, publish and maintain risk and reliability data based on observed operations, test, failures, warranty, and expected life. Reliability data and associated technical reports are generated by and in support of numerous federal agencies. A great deal of the information is available for public access. Legal considerations and constraints preclude access all of the potential details, information of a sensitive nature or with limited distributions normally requires special access. Those that are available for public distribution are available on the internet. Several federal agency web sites include technical report libraries. One source of government funded studies is maintained by the Defense Technical Information Center (DTIC).
National laboratories are also a good source to find available data. Most work performed by the laboratories is in support of federal agencies. The generated reports are often available from supported agency technical report libraries with unlimited or public access distribution. A number of the national laboratories provide access to their technical report libraries.
An An example description of the sources where various types of reliability data may be found, along with an indication of the type of data within each source, is shown in Table 1 . A more complete compendium of data sources is shown at Appendix 1 of this paper. 
AGGREGATING DATA
Capturing observed operational hours and failure data from multiple data bases or sources allows the development of industry and generic composite failure rates. A table with example data extracted from a commercial database is shown in Table 2 . This example depicts two source records of operational failures of a type of actuator, with one source reporting 5 failures in 10,000 hours of operation and another source reporting 1 failure in 3,000 hours of operation. If, in this example, the actuators under consideration are of similar types, quality, and operating environments, it is feasible to simply add number of failures and operating hours for the two sources to generate a combined failure rate of 6 failures in 13,000 hours or 4.61E-4 failures per hour. The uncertainty in the failure rate value, , based on the calculation of dividing the number of failures by the operating time can also be calculated, either by using a standard ChiSquare calculation or by using a formula for the variance, where
If a data search results in several failure rates without the underlying details of how they were derived, aggregation may also be accomplished as discussed in the next section.
Aggregating Failure Rates and Uncertainty Parameters
Given two or more failure rates for a similar device from alternative sources, an aggregated mean failure rate may be derived from several methods including arithmetic or geometric averaging.
Consider two sources, one with an observed failure rate of 1 x 10 -6 failures per hour and another with an observed failure rate of 1 x 10 -4 failures per hour. The arithmetic mean of the two failure rates is 5.05 X 10 -5 failures per hour. The geometric mean of the two failure rates is 1.0 X 10 -5 failures per hour. The arithmetic mean is 5 times higher than the geometric mean. The geometric mean will inherently apply less weight to failure rates that are significantly greater than the others for the same part type.
The Alion (SPIDR) methodology (Ref 1) merges failure rates by deriving the geometric mean of the failure rates associated with records having failures, then multiplying by a ratio of the total time for records having failures to the total observed time. For example, if 70 percent of the total part hours correspond to records with failures, the geometric mean of failure rates from the data records with failures would be multiplied by 0.7. This option is appealing since the geometric mean will inherently apply less weight to failure rates that are significantly greater than the others for the same part type. However, the method does not easily explain how to calculate a combined variance (an uncertainty estimate) when using a geometric mean.
If, as is shown here, a combined variance is desired in order to account for the uncertainty in the failure rates, an arithmetic average and variance can be calculated. That is, with k data sources with the calculated failure rates
, then an aggregated mean failure rate can be evaluated using the arithmetic mean equation (2) 
In this example, aggregating the two data sources from Table  2 using equations (2) and (3), the combined mean and variance would be 4.17E-4 and 8.75 E-8, respectively. Developing a spreadsheet tool that would use the results of an aggregated mean failure rate for items across data sets can result in a group of data like that shown in Table 3 . For demonstration purposes, assume the data shown in Table 2 Table 3 by assuming the failure rate uncertainty is described by a normal or lognormal distribution. Similarly, data from alternative data source groups may be compiled and listed. Table 3 shows three additional example dataset source groups along with some information about the conditions (e.g., quality levels and environments) associated with the data. Some of the source groups provide the 5 th and 95 th percentile values of the failure rates directly along with the mean values as shown in Table 1 . Values for the 5 th and 95 th percentiles for other sources may be estimated using expert consultation. 
COMPARING MULTIPLE SOURCE GROUPS
Data sources from various industries will have different operating conditions, quality levels, and different processes to identify and assess performance. Comparing the reported data from multiple sources provides insight when those results are used to quantify risk and reliability models.
An example that shows how the data varies among data sources is easily seen when we use a graphical depiction of the means and uncertainty bounds. Figure 1 shows graphically the mean and uncertainty bounds of data across the example source groups in Table 3 . It is visually quickly discerned that the off-shore (OREDA) source is somewhat out of bounds in comparison to the other major source groups, and unless the application for the device is specifically for an off-shore environment, the data should not be selected for use. Even if the proposed environment matches the data, consideration should be made of estimates from other data source groups. That is, the rationale for why one source group's data would be so different (either higher or lower) than other groups data should be presented and discussed. 
